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1. INTRODUCTION
During the last decades, most of developed and developing countries were focusing on the energy 
consumption as base for their economic growth. Recent studies started to distinguish between renewable and 
non-renewable energy use and economic growth. The non-renewable energy has limited capacity in 
production and is widely known as fossil energy including petroleum, natural gas, coal and others. However, 
the renewable energy has unlimited capacity of production that comes from different natural resource such as 
such as water, sun, wind, and others. It is important to note that most developing nations depend mainly on 
non renewable energy on their consumption due to the high cost of renewable energy establishment. In this 
study we will focus on studying the impact of the renewable and fossil energy consumption on the Lebanese 
economy. Theoretically, the relationship between the economic growth and energy consumption attracted 
several researchers mainly by Sari and Soytas (2004), Ewing et al. (2007), Sari et al. (2008), Sadorsky 
(2009), Apergis and Payne (2009a,b; 2010a,b), and Bowden and Payne (2010). These studies results have not 
standardized with positive or negative relationship.
The direction of the relationship between real output level and the energy use plays a crucial role both  
in supply and demand sides of any economic system. Concerning the demand side of the economy, 
consumption of the energy resources such as crude oil, natural gas, coal or electricity maximizes households’ 
utility by satisfying their different needs in the form of a final consumer good. However, there are two 
opposite views in the literature on the impact of energy sources within the context of supply. Neoclassical 
economic growth models, such as Harrod – Domar or Solow - Swan, are fundamentally focused on the 
limited role of the energy resources in economic growth process, assuming capital, labor, and land as the 
ultimate factors of production, along with goods such as fuels and materials as the intermediate inputs, which 
lead to undermining the importance of energy resources in the economic activity (Stern, 2004). However, 
according to the ecological economists such as (Pokrovski, 2003), the role of energy resources in the 
production process is actualized in several ways: As a plain commodity, intermediate product and final 
product. That is why according to the ecological economists, energy sources may be interpreted as the 
fundamental input of the value creation process and get all the features of a production factor, including the 
property to produce surplus value. As Pokrovski (2003) argues production of the value of output - Y- is 
specified by three production factors as Y = f (K, L, S), where S is a productive energy.
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Lebanon as emergent economy highly depended on the fossil energy consumption started to take  
serious steps in developing the renewable energy production through the National Renewable Energy Action 
Plan to achieve RE usage of 12 percentage of total energy consumption by 2020 (UNDP. 2012). In testing  
the impact of the Lebanese fossil fuel and Renewable energy consumption on its economic growth, we 
regress the dependent and independent variables using OLS time series multilinear regression model from 
1990 to 2012 limited to the availability of data with total of 23 annual observations. We will the check the 
regression stationarity bf ADF and KPSS test then by ARMA and variables co-integration checks before we 
end with testing the ECM of the model. Accordingly, we start by short introduction followed by theoretical 
overview before we present a brief overview about the fossiland renewable energy consumption in Lebanon 
followed by the research methodology and we end up results with conclusions. 
2. LITERATURE REVIEW 
The issue of the causal relationship between energy consumption and output growth rate took an 
important place in the energy economics literature since 1978, when the pioneering study in this field was 
realized by Kraft and Kraft for USA economy. The main base of initial studies in this field was, whether 
energy consumption promotes economic growth or economic growth process encourages energy use through 
aggregate demand and input. Over the past decades, the energy consumption and economic growth 
relationship have been extensively studied. The neo classical Solow growth model production function (Y: 
output) Y = F (K, L) is based on capital (K) and labor (L) as Solow (1956). Continuously, Solow (1974) 
suggested that sustainability economic growth could be maintain by having non-renewable natural resources 
with no extraction cost and non-depreciating capital. The energy consumption and economic growth with 
recent literature is limited, some models propose that energy use has a positive impact on the economic 
growth rate Smulders and De Nooij (2003). However, other researchers distinguished between the type of 
energy as renewable and non-renewable energy mainly fossil energy for example Tahvonen and Salo (2001). 
In developing countries, the fossil energy consumption is dominant due to it is production efficiency in 
comparison to renewable energy consumption that requires enormous production costs mainly at the short term 
Ozturk et al (2010). Theoretically, there is no general agreement on the causal nature energy consumption and 
economic growth relationships ( Ozturk. 2010 and Kalimeris et al. 2014). Given this situation, the objective of 
this study is to investigate the influence of the consumption of the fossil and the renewable energy on the 
Lebanese economic growth. 
3. FOSSIL AND RENEWABLE ENERGY CONSUMPTION IN LEBANON
Lebanon as an emergent economy depends highly on fossil fuel consumption with average during the tested period of 
94 percent of total energy consumption. However, the renewable energy consumption is limited to average of 6 percentage 
of total energy consumption as shown in figure 1. Lebanon started its renewable energy implementation early in 1924 and 
before it civil war in 1975 Lebanon experience fast hydropower plants development (World Bank 2011). 
Fig. 1 Fossil and renewable energy consumption in Lebanon (1990‐2012) 
Source: Author calculation 
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Lately, renewable energy development became an important point of focus to the Lebanese policy makers with the 
guidance form the United Nations Development Programme (UNDP, 2012). The main advantage for the Lebanese 
renewable energy market is its physical compatibility with the requirements for Renewable Energy System. Solar system 
seems to be the most efficient source, although water sources, wind, and some biological resources are promising. 
Human resources could be the major development leader in the renewable energy (Ministry of Energy and Water. 2010). 
4. METHODOLOGY
In testing the impact of the Lebanese renewable energy consumption and the fossil  energy  
consumption on its economic growth, Dataset collected  between  1990  and  2012  limited  to  the 
availability of data to have 23 yearly observations. The dataset for the dependent and independent variables 
collected mainly World Bank – WDI statistics (world development Indicator). The regressed  data 
framework includes the natural logarithm of real GDP(Y); renewable energy consumption (REC) defined as 
percentage of total final energy consumption; fossil energy consumption (FEC) defined as percentage of 
total final energy consumption; the natural logarithm of real gross fixed capital formation (K) in constant 
2000 U.S. dollars; the natural logarithm of the total labor force (L) and the natural logarithm of total 
urbanization (URB). We will use in this study the time series multilinear regression using Ordinary Least 
Squares method. Following the OLS regression, we check the regression robustness through Least Absolut 
deviation and Quantile estimates tests. Continuously we test the stationarity and fitness of the model by 
running the ARMAX. Based on Pokrovski (2003) and pedroni (2000,  2004)  that argues the production of 
the value of output - Y- is specified by three production factors as Y = f (K, L, S), where S is a productive energy, 
the model of this study is formulated as follows
LnY = α0+β1FEC+ β2REC+ β3LnK+ β4LnL+ 
β5LnURB+ εt 
According to the model  equation (1),  we  consider α  is  a  constant variable; β 
is the regression coefficients; εt is the error term. 
(1) 
5. RESULTS AND DISCUSSION
The empirical analysis starts with regression simple results for the time series data for Lebanon between 
the period of 1990 and 2012. Afterwards we test the stationarity of the variables through the unit root tests 
and ARMA. Based on the stationarity results that may suggest the presence of co-integration between 
variables, we examine the variables co- integration by applying the Johnson co-integration test. We end our 
test with estimating the error by ECM in order to confirm our results.
5.1 Regression Results
Based on the above model, we regress the Lebanese real GDP as the dependent variable on the 
renewable energy consumption and fossil energy consumption, urbanization, labor force, and gross 
fixed capital formation. The test used time series multilinear regression equation using Ordinary Least 
Squares method (see table 1). 
The result of this study is consistent with the existing literature with respect to the fossil energy 
consumption that could has a positively impact on the economic growth. However, the renewable 
energy consumption has a negative impact on the Lebanese economic growth, which is constant with 
Yazdi and Shakouri (2017) findings that the renewable energy consumption has a negative impact on 
Iranian short and long-term economic growth. In other words, the increase in renewable energy 
consumption would lead to decrease in economic growth due to the renewable energy enormous 
establishment costs with small scale of production. The insignificance of fossil and renewable energy 
consumption to economic growth could because of the need of sufficient energy sources and to the 
limitation in data availability with 23 observations to the need of sufficient energy sources. The 
regression results show that the gross fixed capital formation and labor total force are statistically 
significant at 1% with positive coefficient while the urbanization is also significant at 5% with negative 
impact on real GDP. These findings are on table2. 
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Table 1: OLS, using observations 1990-2012 (T = 23) Dependent variable: l_Real GDP 
Source: Author calculation 
Mean dependent var 
Sum squared resid 
R-squared 
F(5, 17) 
Log-likelihood 
Schwarz criterion 
rho 
23.88863 
0.027823 
0.986661 
251.4995 
44.61435 
−70.41573
0.054489
S.D. dependent var
S.E. of regression 
Adjusted R-squared 
P-value(F)
Akaike criterion 
Hannan-Quinn 
Durbin-Watson 
0.307919 
0.040456 
0.982738 
2.60e-15 
−77.22870
−75.51525
1.706957
5.2 Stationarity test 
We start testing the stationarity of the variables based on ADF and KPSS tests then we apply the 
ARMA to confirm the stationarity and fitness of the model. The results of the unit root tests are shown 
in Table 2. The results indicate that all the variables are I(1) except for K. 
Table 2: ADF and KPSS tests 
ADF 
I(1) 
I(1) 
KPSS 
I(1) 
I(1) 
result GDP 
I(1) FE 
I(1) 
RE 
L 
K 
URB 
I(1) 
I(1) 
I(0) 
I(1) 
I(1) 
I (1) 
I(0) 
I(1) 
I(1) 
I (1) 
I(0) 
I(1) 
I (0) and I (1) denote stationary at level and after first difference, 
respectively. ADF: Augmented Dickey-Fuller; KPSS: Kwiatkowski– 
Phillips–Schmidt–Shin 
Source: Author calculation 
In testing the stationarity of the model based on Moving Average and Auto regression, we will refer 
to ARMA model (Autoregressive–Moving-Average). The ARMA model is divided into two parts the 
first one is the autoregressive AR which regress the variable on its own values. The second part of 
ARMA is the Moving average MA that model the error term as a linear combination of error terms 
occurring contemporaneously and at various times in the past. 
Coefficient Std. Error t-ratio p-value
const 24.7713 5.5354 4.4751 0.00033 *** 
Fossil fuel energy 0.00663316 0.0167982 0.3949 0.69785 
consumption 
Renewable energy −0.00533026 0.0141783 -0.3759 0.71161 
consumption 
l_ Labor force 3.38066 0.947149 3.5693 0.00236 *** 
l_ Gross fixed 0.143615 0.0424813 3.3807 0.00355 *** 
capital formation 
l_ urbanization −3.46844 1.29053 -2.6876 0.01557 ** 
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Table 3: ARMAX economic growth 1990-2012 (T = 23) 
The regression results have been illustrate ARMAX results in table2 that proved the model 
stationarity based on AR and MA. The root of autocorrelation parameter of this model 1/phi 1is greater 
than 1 in absolute value that prove the model is stationarity ( table 3). Similarly, the root of theta as MA 
parameter equals to one in Absolut value to prove it stationarity. The moduli are both roots and are 
greater or equal to 1 therefore AR and MA are stationary. 
5.3 Co-integration test 
The results indicate that all the series are I(1) except for K I(0). This suggests that the variables may 
be co-integrated, since the dependent variable (GDP) has the same order of integration with most the 
regresses. As a robustness check, we conducted the Johansen co-integration test and the 
results are shown in Table 4. While the Trace test indicates the existence of at least 2 co-integrating 
equations, the Max-Eigen test shows the existence of at least 2 co-integrating equations. All told, both 
tests confirm the existence of co-integration relationship between the variables. After proving the co- 
integration relationship between variables, we will check the error correction model 
equations. 
for the eight 
Table 4: Johansen co-integration test results 
Hypothesize 
d number of 
CE (s) rank 
None* 
At most 1* 
At most 2* 
EigenValue Trace 
statistic 
P value LMax P value 
0.93054 
0.89073 
0.70676 
154.52 
95.847 
47.141 
[0.0000] 
[0.0001] 
[0.0567] 
58.674 
48.706 
26.989 
[0.0000] 
[0.0002] 
[0.0567] 
Coefficient Std. Error z p-value
const 24.3822 5.15637 4.7286 <0.00001 *** 
phi_1 −0.624119 0.246808 -2.5288 0.01145 ** 
theta_1 1 0.128382 7.7893 <0.00001 *** 
Fossil fuel energy 0.00392007 0.0157015 0.2497 0.80285 
consumption 
Renewable energy  −0.00676452 0.0125004 -0.5411 0.58841 
consumption 
l_ Labor force 3.26295 0.908229 3.5927 0.00033 *** 
l_ Gross fixed 0.149805 0.037385 4.0071 0.00006 *** 
capital formation 
l_ urbanization −3.32386 1.2318 -2.6984 0.00697 *** 
Mean dependent var 23.88863 S.D. dependent var 0.307919 
Mean of innovations 0.000684 S.D. of innovations 0.031735 
Log-likelihood 45.80002 Akaike criterion −73.60004 
Schwarz criterion −63.38059 Hannan-Quinn −71.02987 
Real Imaginary Modulus Frequency 
AR   Root 1 -1.6023 0.0000 1.6023 0.5000 
MA  Root 1 -1.0000 0.0000 1.0000 0.5000 
Dependent variable: l_ Real GDP 
Standard errors based on Hessian 
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At most 3 
At most 4 
At most 5 
0.43462 
0.20546 
0.10932 
20.152 
7.6067 
2.5468 
[0.4235] 
[0.5154] 
[0.1105] 
12.546 
5.0599 
2.5468 
[0.5086] 
[0.7350] 
[0.1105] 
Note: The * indicates that the Trace statistic or the lMAX statistic is greater than the corresponding 5% 
critical value.; Number of equations = 6 Estimation period: 
1990 - 2013 (T = 24) 
Source: Author calculation 
5.4 ECM estimation 
To account for the short-run relationships, we estimated an error correction model and the results are 
shown in Table 5. 
Table 4 : ECM estimation results 
ECM 
e1_1 (dependent : GDP) 
e2_1 (dependent : FE) 
e3_1 (dependent : RE) 
e4_1 (dependent : L) 
e5_1 (dependent : K) 
Std. Error 
0.238591 
0.478895 
0.417063 
0.376970 
0.213804 
p-value
0.0387  **
0.0760  *
0.0481  **
0.0028  ***
0.0030   ***
Coefficient 
−0.544272
−0.917444
−0.903310
1.36143
−0.767705
t-ratio
−2.281 
−1.916 
−2.166 
3.612
−3.591 
*** ** and * denote significance at 1%, 5% and 10% levels; respectively. ECM is residual from long-run model 
estimation. 
Source: Author calculation 
As per the co-integration tests at least 2 variables were co-integrated, while as shown in ECM test 
all the residuals were statistically significant which reflect the strong exogenously of these variables 
with respect to each other’s. 
6. CONCLUSIONS
In this study, we focused on testing the impact of renewable energy consumption and fossil energy 
consumption as non-renewable energy on the Lebanese economic growth. Accordingly, we run a regression 
using gross fixed capital formation, Labor force and urbanization as control variables. The model proved 
stationary of the same level using ADF and KPSS and ARMAX. Thus the test proved at least two co- 
integration equations afterwards the paper estimated an error correction model in order to account the short- 
run relationships which reflect the strong exogenously of these
Variables with respect to each other’s. The result of this study is consistent with literature, with 
negative impact for renewable energy on the economic growth due to the enormous cost with small scale of 
production. However, the fossil energy consumption has a positive impact on the economic growth, as 
indicator for the increase in overall production where the Lebanese economy depend mainly on fossil energy 
consumption with average above 90 percent of total energy consumption. Continuously, labor force and 
gross capital formation show statistical significance with positive signs and the urbanization with negative 
sign. Another robustness-checking test illustrate the regression estimation based on Least Absolut deviation 
and Quantile estimates and clearly explain its robustness. Lebanese Government policy makers should 
increase research and development to expand the use of renewable energy to maintain sustainable economic 
growth
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